fish were caught again the following spring. The changes in body weight were similar to those in body length.
Seasonal Changes in Gonads
Seasonal changes in GSI are also shown in Fig. 1 . The average GSI in females peaked (3.93%, 1986; 2.89%, 1987) at the end of May, but fell markedly to low levels (0.81%, P<0.01, 1986; 0.43%, P<0.01, 1987) during the summer. Average GSI rose rapidly again in September, reached another peak (5.45%, P<0.01, 1986; 5.91%, P< 0.01, 1987) in October , and decreased thereafter to low levels (1.06%) during the winter. When the GSI values exhibited the first peak, approximately 40% of the females were ovulated ( Fig. 1 and Fig. 6-1) . Mature or ovulated fish were significantly larger than immature fish (P< 0.01). The number of ovulated females rapidly decreased during the following months , especially in 1987. In August , most females possessed re gressed ovaries (Fig. 6-3) . Immature fish were always present from May to August (Fig . 6-2) . During September and October, however, all the females had large ovaries in which oocytes that had undergone final maturation were commonly Observed ( Fig . 1 and Fig. 6-4) .
GSI changes in the males were similar to those in , the females (Fig. 1) changes did not parallel seasonal GSI changes. The HSI decreased significantly in males (P<0.05) and females (P<0.01) during the autumn spawning season. During the winter, the data was obtained from the fish which had been captured during the previous summer and autumn, and which had been maintained with a commercial eel feed. For both sexes, the HSI values of these fish were signifi cantly (P<0.01) higher than the wild fish collected from May to November. Condition factors were higher in females than in males, which exhibited peak values at the end of May and mid-September, coincident with the spwning seasons. However, during the autumn spawning season (Fig. 5) con dition factors decreased significantly in both males (P<0.01) and females (P<0.01).
Discussion
In both sexes of tobinumeri, GSI and steroid hormone levels exhibit two distinct peaks (spring and autumn) in a single year. Moreover, the histological changes in the testes and ovaries that accompanied the GSI and steroid changes de monstrated clearly that the tobinumeri has two spawning seasons, spring and autumn, within one year in Lake Hamana. From our data it is not clear if the same individual spawns twice in one year, or if there are two different populations of tobinumeri with different reproductive rhythms. As mentioned above, only small fish were ob tained in the spring. However, the tobinumeri in Lake Hamana grew very rapidly, probably because they were supported by the rich abun dance of food organisms produced in the lake from spring to summer. Average HSI and con dition factor fell dramatically to low levels during the autumn spawning season, either because food resources were depleted during that period, or because the fish were spent. Fish collections were easy during the spring and summer, but dif ficult during the fall. No tobinumeri could be caught at the end of autumn. These observations suggest that either the life span of the tobinumeri in Lake Hamana is less than two years or that larger fish migrate to the ocean. The growth data obtained in the current study supports the former hypothesis.
From May to August, immature females, which were significantly smaller than mature fish, were always caught along with ovulated females. By September, however, we could not find immature fish. Moreover, all the fish captured in October were ovulated, indicating that all the fish had matured by this time and spawned every day during the autumn spawning season. The large mature fish which spawn in the spring were probably those which had hatched the previous spring, and de veloped to reproductive maturity by the following year. The small immature fish captured in the spring were probably those which hatched from eggs released during the previous autumn spawning season.
The E2 has been accepted to be the most im portant steroid involved in vitellogenesis. Maxi mum values of this steroid were found in May and October, indicating that active vitellogenesis took place during both spawning seasons. In females, the average maximum E2 levels were about 0.8ng/ ml, which is much lower than that of goldfish (3ng/ml),5 common carp (5ng/ml),19) and rain bow trout (60ng/ml).16) The maximum T levels (0.2ng/ml) observed were also lower than in goldfish (3.3ng/ml), or common carp (7.7ng/ml). In males, the maximum levels of 11-KT (0 .5ng/ml) and T (0.3ng/ml) were also very low relative to the levels found in goldfish (12.5 and 6 .0ng/ml), and carp (8.1 and 7.3ng/ml).
There are two possible reasons why the plasma steroid levels are so low in the tobinumri . Steroid values reported for the tobinumeri are similar to those reported for the red seabream Pagrus major, 20,21) another daily spawner. Since there is a rapid turnover of oocytes in the ovaries in these species, presumably E2 must be metabolized and cleared very rapidly to control daily cycles of vitellogenesis, and therefore steroid levels in daily spawners may be inherently low. Alterna tively, there may be daily secretion rhythms for steroids in the tobinumeri, and because blood samples in the present study were taken from fish around the time of ovulation, we may have missed the diurnal peaks of the steriods cited.
In conclusion, the tobinumeri has two spawning seasons in one year in Lake Hamana. Water temperature may be the most important external cue regulating gonadal maturation in this species . Since changes of water temperature are more moderate in the sea compared to smaller bodies of freshwater, and perhaps because food organisms on which the larvae feed may be available longer in the marine coastal environment, marine fish may have evolved mechanisms which allow them to spawn more frequently, and for long periods of time, than temperate freshwater species . Further investigations on the control of reproductive rhythms in marine fish are necessary.
